Background: The use of alternative medicines and dietary supplements is constantly changing, as are dietary habits. One example of this phenomenon is the current popularity of ginger products as an everyday health boost. Ginger and licorice has also been shown to ameliorate nausea a common complaint in early pregnancy. Alternative medicines are often regarded as safe. However, they might affect fetal development, such as through alterations of hormone metabolism and cytochrome P450 function. Health care professionals may be unaware of the supplementation habits of pregnant women, which may allow adverse exposures to go unnoticed, especially if the rates of use in pregnancy are not known. We therefore investigated the use of alternative medicines and licorice among pregnant Danish women.
Background
In modern society, everyday lifestyles are constantly changing. With the plethora of internet-based platforms, new health trends can spread rapidly among pregnant women. Such habits may escape the attention of health care professionals, allowing adverse exposures in early pregnancy to go undetected. International data supports the hypothesis that pregnant women perceive herbal and conventional medications as quite harmless [1] .
Moreover, a recent study reported that recommendations to take contra-indicated herbal medicines during pregnancy may come directly from health care professionals [2] .
A multinational study from 2016 suggested that up to 60% of all pregnant women use herbal-based alternative medicines [2] . However, cultural differences in the use of alternative medicine are well-established, even within the Scandinavian and Nordic countries. In Iceland, the prevalence has been reported to be as high as 35%, in contrast to Norway and Sweden where the prevalence has been reported to be 17 and 4%, respectively [3] . However, the prevalence of such use among pregnant women in Denmark has not previously been published.
Importantly, the safety of many herbal remedies has never been investigated in human pregnancies, as no strict rules for safety testing apply to alternative medicine [4] despite their teratogenic potential [5] . Several adverse effects caused by alternative medicine in pregnancy have been described, including miscarriage, preterm delivery, and malformations. Interestingly, recent data suggest that between 2.5-13% of pregnant women use alternative medicines together with prescribed medications [6] . However, there are limited published data investigating the adverse effects of alternative medicine due to their direct chemical toxicity, herbal-drug or herbal-herbal interactions.
Studies have shown that the majority (76%) of women who self-administer herbal medicine during pregnancy do not disclose their use to their doctor or midwife [7] , making such use a potential safety concern.
Common exposure during pregnancy includes the use of ginger, which for decades has been the most widely used herbal remedy in the management of pregnancy-related nausea and vomiting. In addition, ginger is thought to strengthen the immune system and generally boost human health, leading to an increased popularity in recent years. At present, ginger is often added to consumables routinely sold in Danish supermarkets, such as teas and shots. The use of ginger as a health booster could lead to increased and continuous consumption throughout pregnancy, yet no guidelines currently exist in relation to the permissible amount of ginger exposure, even though ginger as a dietary supplement is not recommended by the Danish Veterinary and Food Administration. Several studies have found occasional use of ginger as an anti-emetic to be safe [8] . However, recent reports have shown that pharmacologically active substances in ginger may increase the risk of bleeding by decreasing platelet aggregation [9] , and ginger-based compounds have been suspected to increase the risk of stillbirth [10] . If unaware of these potential risk pregnant women might continue their ginger habits throughout pregnancy -in particular if also obtaining a reduction of nausea that might give them the impression that ginger is well-tolerated by the body. Originally, licorice was used against upper respiratory problems and stomach inflammation while today it is primarily eaten for pleasure. However, a double-blind randomized study found a positive effect of licorice in prevention of acid reflux and vomiting [11] . Nausea and vomiting are common complains during pregnancy underlining that eating habits may also reflect a subconscious "self-medication" strategy in particular in Scandinavia were licorice based candies are well-known and popular. However, licorice can increase blood pressure, and the content of glycyrrhizin -the major active constituents of licorice -can also decrease platelet aggregation [12] making it a key problem that several candy products with licorice is increasingly being consumed during pregnancy.
As a systematic report of the current use of licorice, alternative medicines and other herbal supplements among pregnant Danish women has never been reported, the aim of this study was to assess the prevalence and characteristics of alternative medicine, ginger and licorice use among Danish pregnant women.
Methods
In this prospective cohort study, we included participants seen at the Department of Obstetrics and Gynecology, Randers Regional Hospital, Denmark between June 2016 and December 2016. The inclusion criteria was attendance at a routine ultrasound examination in gestational week 10-16, which is accepted by more than 95% of the pregnant women in the recruitment area where this scan is not offered elsewhere. Exclusion criteria included an age below 18 years and poor language skills.
The study was approved by the Regional Scientific Ethical Committee (VEK 1-10-72-75-16) and followed the Helsinki guidelines of informed consent. Due to additional obligations, we could only recruit participants 2-3 days a week. On these days all eligible women were invited in correlation with their random given times at the ultrasound unit (Table 1) .
The participants answered a questionnaire at recruitment or during a phone call within 1-2 weeks regarding the following information: age, parity, Body Mass Index (BMI), smoking, alcohol, licorice intake, socio-economic status, educational level, use of prescription and over the counter medicine (OTC), supplemental vitamins, and intake of alternative medications including herbal supplements (e.g., teas). If the women used any health supplements or followed a specific nutritional lifestyle, they were asked to specify the amount and duration of the various intakes. After delivery, we obtained information regarding outcomes from the women's electronic medical records (Additional file 1: Table S2 ).
Statistics
Continuous variables were compared between groups using Student's tests or Mann-Whitney testing based on the testing of normal distribution of the data. Two-tailed comparisons were performed unless otherwise noted. Data are summarized as the means ± SD. GraphPad Prism version 7.03 Software (GraphPad Software, Inc., San Diego, CA, USA) was used to analyse the Student's t-test and Mann-Whitney test results as well as confidence intervals presented in the relevant Tables. A level of significance at or below 0.05 was considered statistically significant for all analyses.
Results
Among 297 eligible Danish women attending a routine first trimester ultrasound scan during our presence, we included 225 (75.8%) women who accepted to participate in the study, corresponding to a prevalence of 23.1% of all birth at Randers Regional Hospital in the inclusion period. Lack of time was the most common reason given for non-participation.
All women were interviewed, all but one returned the completed questionnaire living a study population for this study of 224.
The vast majority 71.8% (n = 158) had a spontaneous vaginal delivery (for details on birth complications and new born Apgar score see Additional file 1: Table S2 ). Of the 224 women from whom questionnaire data were available, data on birth weight and infant health was available from 217 participants. Of the seven missing individuals, four had a spontaneous abortion (1.8%), and three (1.3%) were lost to follow up at birth, because they had moved to another district (Additional file 2: Figure S1 ). Information regarding the correspondence between exposures and outcome was based on the 217 women that gave birth at Randers Regional Hospital. (For details on parity and lifestyle see Additional file 3: Table S1 ).
Up to 22.7% (n = 51) reported consumption of at least one type of alternative medicine, 14.7% (n = 33) reported doing so daily, and 4.9% (n = 11) took more than one remedy regularly. This intake was associated with chronic health issues (31.3%; 20 of 64), of which the majority reported a daily use (20.0%; 13 of 65), and a high household income (32.3%; 10 of 31; Table 2 ).
Ginger products were the most frequently used form of alternative medicine (11.1%, n = 25), such as through shots (7.1%; n = 16), tea, tablets, and oil. Among these, 3.1% (n = 7) reported taking them alongside prescription or OTC medicine. Only 2.7% (n = 6) used ginger for nausea and vomiting. The intake of ginger products was associated with chronic health issues (17.2%; 11 of 64), mean maternal age 31.8 years (95% CI: 29.9-33.6) among users vs. 29.5 years (95% CI: 28.6-30.1) among non-users (p = 0.02), mean birthweight 3572 g (95% CI: 3316-3827 g) among exposed vs. 3440 g (95% CI: 3355-3525 g) among unexposed (p = 0.28). Additionally, the consumption rate of ginger increased with higher levels of education, lowest among women with an upper secondary school education (5.9%; 1 of 17) and highest among women with a master's degree (14.8%; 4 of 27).
Other frequently used products included peppermint tea for nausea (1.8%; n = 4), Psyllium Husk Fiber® for obstipation (6.7%; n = 15), and Kräuterblut® as an herbal substitute for iron supplements (2.7%; n = 6), see Table 3 and Table 4 .
No less than 87.1% (n = 196) reported consuming licorice, 38.2% (n = 86) reported licorice consumption at least "a couple of times a week," and 7.1% (n = 16) reported daily use. On each occasion of consumption, 33.8% (n = 76) ate at least a handful of licorice candies, and 4.4% (n = 10) reported consuming an entire bag of licorice. All participants with hypertension (1.3%; n = 3) reported a weekly consumption of licorice. Moreover, the frequency of licorice intake was also associated, albeit Caraway has emmenagogue properties and spasmolytic effects [30] , evening primrose increases the incidence of prolonged rupture of membranes, oxytocin augmentation and vacuum extraction [31] Overview of the reported use of alternative medicines by the women and an outline of the current recommendation and reported risk aspects in pregnancy from the medical literature Introduced in the early twentieth century.
To normalize the bacterial flora in the gut.
Mixed data of clinical efficacy [39] Normalization of the intestinal flora b not significantly, with reduced birthweight (see Fig. 1 ). Differences in mean blood pressures between women reporting a mean daily intake of licorice (123 mmHg, 95% CI: 116-130 mmHg) and women reporting rare or no intake of licorice (119 mmHg, 95% CI: 117-121 mmHg) were significantly associated with increased maternal systolic blood pressure (p = 0.04), estimated via one-tailed Mann-Whitney testing based on the known effects of licorice on blood pressure (see Table 5 ).
Discussion
The main finding of this cohort study of Danish pregnant women was that 23% reported using alternative medicines, with ginger products being by far the most Ailments of gastrointestinal tract, liver disorders, bloating, anemia, irregular menstruation, intermittent fever, loss of appetite and worm infestation [30] No data of clinical efficacy Performing the study in an unbiased manner where the eligible population was representative of the entire population in the geographic area, and achieving an overall participation rate of 76%, strengthen the value and validity of the findings. Notably, we cannot exclude that selection bias occurred, as the women had to accept participation. However, ultra-performance liquid chromatography with high-resolution time-of-flight mass spectrometry (UPLC-HR-TOFMS) analysis of the pharmacological content of the blood samples from the same cohort (Volqvartz and Vestergaard et al. in prep) indicates a high degree of consistence between results from this cohort and a similar UPLC-HR-TOFMS analysis of unselected, unbiased pregnant women from the same region performed by Aagaard and co-workers [13] . Also, the organisation of the maternal care system supports that all women from all parts of society attends the same, free-of-charge prenatal diagnostic system. On the other hand, limiting our study to one single interview means we did not assess all exposures occurring in pregnancy and, the size of the cohort limits the power to demonstrate possible associations between exposure and adverse obstetric outcomes in particular if the exposures are rare. However, by asking the women specifically if ginger or other substances were used do to pregnancy related nausea or for other reasons we obtained indication of the duration of the use. One-tailed Mann-Whitney test Among the women reporting daily consumption of licorice in first trimester, the measured blood pressure later in pregnancy was significant higher than the women who reported a rarely or no intake
Finally, we did not specifically inquire regarding the intake of red-clover-containing pregnancy tonics, which might explain why this was not mentioned by any participant. Notably, red clover is rich in phytoestrogens [14] , and prenatal exposure is suspected to have deleterious effects on the developing male reproductive system; knowledge of the red-clover use among our subjects would thus be valuable. Analysis of 7928 boys in the cohort of "The Avon Longitudinal Study of Parents and Children" (ALSPAC) found that a maternal vegetarian diet rich in phytoestrogens in pregnancy was associated with an increased risk of hypospadias [15] .
The fraction (23%) of pregnant women taking alternative medicines in this Danish study is relatively high compared to previous studies in Sweden (4%), Finland (9%), Norway (17%), and Iceland (35%) [3] , but not compared to a number of non-Nordic countries (29%) [3] . However, the fraction appears lower than that among non-pregnant Danish pre-surgical patients of both genders (50%) [16] . The comparison of these studies is limited to some extent by different study designs and different definitions of alternative medicine. However, the positive associations with household income and education level is consistent across several studies [1] . With the size of this study, assessing specific adverse effects on fetal development might not be possible even with our focus on the time of organogenesis. However, studies of the Danish National Birth Cohort have found a higher risk for malformations after prenatal exposure to St. John's wort [17] . This herbal medicine is a "natural anti-depressant" known to affect the serotonin system in ways similar to conventional antidepressants, which is a potential safety concern in pregnancy. With the high prevalence of users of alternative medicines identified in this study, further studies into the teratogenic effects of other exposures are warranted.
In particular, it appears important to focus on the use of ginger products among pregnant women. In Denmark, supermarkets expect to double the selling of ginger shots in coming years [18] , even though 77% of the ginger consumers in our study did not declare their intake to be caused by a need to relieve symptoms. Ginger, or its active compound 6-gingerol (see Fig. 2 ) interacts with the cytochrome P450 system (e.g., CYP3A4, CYP2C9) [19] and fetal testosterone metabolism [20] , thus serving as a potential teratogenic item. Furthermore, a cohort study from Korea showed 4 stillbirths among 159 singleton-pregnancy women receiving dried ginger (OR = 7.8; 95% CI 2.9-21) compared to the general population [10] . In addition, ginger decreases platelet aggregation, which may increase the risk of post-partum bleeding.
Additionally, the high use of licorice among pregnant women in Denmark deserves further attention. Regular consumption of licorice -and hence the active compound glycyrrhizin (see Fig. 3 ) -inhibits the 11-β-hydroxysteroid dehydrogenase type 2 (11-β-HSD2) enzyme, thereby activating cortisol and generating hypokalaemic hypertension [21] . Notably, we observed a minor increase in maternal systolic blood pressure (p = 0.04) and lower birthweights among children exposed to frequent maternal intake of licorice. The downregulation of 11-β-HSD2 in the placenta may contribute to several of the pathways leading to an increased risk of preeclampsia [21] , miscarriage [22] , preterm birth [23] , toxicological effects [24] , and lower intelligence quotient, poor memory and increased risk of attention deficit in the child [25] . Furthermore, the phytoestrogen found in licorice, glabridin, might explain the pubertal advancement seen in girls prenatally exposed to licorice [25, 26] .
In this study, we characterized lifestyle habits at the end of the first trimester of pregnancy, which is a very critical period of organogenesis [27] . Notably, several studies into the Developmental Origins of Health and Disease Hypothesis (DOHaD) have shown that different effect occur in responds to reprogramming at different part of the pregnancy (for a review see Roseboom Fig. 2 The chemical structure of 6-gingerols, the main active constituent of ginger, Zingiber officinale. Modified after Qui et al. [19] . 6-gingerol is derived from the phenylalanine pathway and has potential to be antiseptic, to have anti-cancer properties and reducing nausea and migraine and coworkers [28] ). Further studies should be aimed at including additional information of the habits in later pregnancy and expand the number of participants as it cannot be excluded that changes in habits occur during pregnancy which could also affect offspring health.
Conclusions
In a Danish context, ginger and liquorice are commonly ingested by pregnant women as are alternative medications. Based on our results and the discussion above, we recommend that health providers actively seek to increase their knowledge of the eating habits and alternative medicine use of pregnant women to avoid unnecessary health risk in pregnancy.
Additional files
Additional file 1: Table S2 . Overview of pregnancy outcomes at birth. Fig. 3 The chemical structure of licorice, glycyrrhizin. Modified after Li et al. [29] . Glycyrrhizin is the sweet component of licorice which is metabolized to glycyrrhetinic acid. Glycyrrhizin has potential to be anti-inflammatory. However, it also has the ability to cause retention of sodium and loss of potassium, increasing blood pressure, causing edema and affecting the renin-angiotensin-aldosterone system
